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COLL) is the opposite of 
heat. It is interesting to 
compare Nature's method of 
storing them both. During a 
geological age called the "Car- 
boniferous Period," the sun's 
heat produced a luxurious 
plant growth which absorbed 
carbon from the atmosphere. 
This plant growth, buried 
under the ground during long 
ages, petrified into coal, thus 
making reservoirs where the 
sun's heat was stored. The 
burning of a piece of coal 
may be considered as the re- 
leasing of the "bottled sunshine" of a long 
past age. Unfortunately there is no simple 
effective means by which the heat of each 
summer of the present age can be stored 
locally for use during the following winter. 

But in ice the cold of each winter may be 
stored locally for refrigeration during the 
succeeding summer. Ice freezes on the surfaces 
of rivers and lakes, where it can easily be cut 
and floated to a warehouse. It is not necessary 
to dig into the ground, although sometimes a 
few feet of snow have to be removed before 
(lining can begin. 

The use of ice for preserving food products 
was not very general until the beginning of 
the nineteenth century, and even today the 
use of ice for refrigeration is not extensive in 
the countries of Europe. 

After the construction of the first large ice 
house in America in 1805, there grew up 
rapidly an industry which harvested the ice in 
our northern states and shipped it to the South 
in sailing vessels. As early as 1850, the city 
of New Orleans alone required over 50,000 
tons annually, at prices ranging from $15.00 
to $20.00 per ton. The ice harvest in the State 
of Maine during the winter of 1879-80 
amounted to 1,300,000 tons, largely supplied 
by twenty-six firms on the Penobscot river 
and fifty-three firms on the Kennebec river. 
In 1880, there were about 160 ice houses on 
the Hudson river. (I) 



The history of refrigera- 
tion is the story of a battle 
between nature and the effi- 
ciency of a machine. It is 
interesting because it dem- 
onstrates what can be accom- 
plished mechanically when 
all of the requirements have 
been studied and success- 
fully met. Here again, elec- 
tricity is the last word in 
performance. — Editor. 



The Civil War cut off the 
supply of natural ice to the 
southern states, and the small 
amount of ice available sold 
at about five cents a pound. 
This at least partially explain^ 
the interest in artificial pro- 
duction of ice which sprang 
up in the South about 1863. 

A century ago, natural ire 
w r as almost the only commer- 
cial means of producing re- 
frigeration, but today almost 
everywhere artificial ice is re- 
placing the natural product. 
The banks of rivers and lakes 
are lined with abandoned ice houses. The 
three chief reasons for this change are: 

Rise in labor costs. 

Improved utilization of power. 

Improved generation of power. 

Labor was the largest factor in the cost of 
natural ice. But labor is only one-quarter of 
the cost of artificial ice made in a modern 
electrically operated plant. 

Ferdinand Carre" invented the intermittent 
absorption ice machine in 1860; and in 1862 
he made the process continuous by the 
addition of an absorber and circulating pump, 
as illustrated in Fig. 2. Shortly after this 
invention several machines of the Carre" 
system were imported to the southern part of 
the United States. There are still many ice 
plants operating on this absorption principle. 

By far the great majority of ice plants 
today, however, are of the compression 
system. The ammonia compression machine 
was patented in France in 1864. But it was 
not until about 1870 that Dr. Carl Linde, in 
Germany, and David Boyle, in America, 
produced the first practical compression 
machines. These were, of course, steam-driven 
and had the general arrangement shown in 
Fig. 3. 



(') Many of the historical data Kivt-ri in this article have been 
derived from "History of Refrigeration," by J. C. Goosemann. a 
series of articles appearing in Ice and Refrigeration, heKinnin« in 
April. 1924. 
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It was originally thought that clear arti- 
ficial ice could be made only from distilled 
water. Part of the distilled water was obtained 
by condensing the exhaust steam from the 
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\ Refrigeration Supply Thai is Becoming 
Obsolete for ( a> i m 



engines. Although onl) 65 lbs. ol steam would 
be required for the met hani< al work of pro- 
ducing 100 II)-. ol ice, 100 lbs. of steam had to 
Ik- condensed to provide 100 lbs. of distilled 
water for the ice. About 15 lbs. ol coal would 
be burned under the average small boiler to 
produce KM) lbs. of steam. Therefore, the dis- 
tilled-water plant seldom produced more than 
6J 2 "•-. ot ice per pound of coal. 

As long .i- it was necessar) to make arti- 
ficial ice irom distilled water, the efficiency 
ol the plant did not matter, be< ause the limit 
ing ir.niin was tin- coal required to distill tin 
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later discovery that clear artificial ice could 
be made from raw water, by agitating the 
water with compressed air during the freezing 
process. I nder this condition, about 65 lbs. 
of steam were required to run the ammonia 
compressors, and perhaps 10 lbs. to run the air 
compressors. Therefore, only 75 lbs. of steam 
were used in producing 100 lbs. of ice, and the 
small steam-driven raw-water ice plant could 
produce about 9 lbs. of ice per pound of coal. 
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Pit. 3, Diagram of St cam -driven Compressor Plant 

I able 1 shows a comparison of tin- steam 
and coal required tor the distilled -water and 
raw -water ice plants. 
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1 h i ourse, the number ol pound- ol st< am 
l>er pound ol coal varies considerably with 
the quality of the coal, the kind of boiler plant, 
and the method of operation. Table II g 
somt ( omoaral \\ e figures on t his point 
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It is thus seen that the ice plant which, at 
first glance, seemed to have an efficiency of 
196 per cent, actually had what could have 
been called a coefficient of performance of 




Fig. 5. Outdoor Tower for Cooling the Compressed 
Refrifteruttnft Gases 



1.96, whereas the theoretical coefficient of 
performance is 4.7. This ice plant, therefore. 
- onl3 42 per (mi as efficient as a theo- 
retically perfect plant operating between the 

same tempi rat un s. 

The conception of theoretical coefficients 

ol performance depending upon absolute 

temperatures may be illustrated by an ele< - 

. . Fig. 7 shows, side by side an 

electrical diagram and a refrigerating machine 



RhQ] 




im ofl Brine lank and Auxiliary Equipment 
for Making Artificial Ice 



diagram. The analogy is made between a 

\ • rator pumping electric ei i 
trom one storage battery at a lower voltage 



to another storage battery at a higher volt- 
age, and a refrigerating machine pumping 
heat from an ice box at one temperature to 
the outside air at a higher temperature. If the 
energy removed from the lower voltage bat- 
tery is divided by the energy required to 
drive the booster generator, there is obtained 
a coefficient of performance of 4.8 which is 
analogous to the coefficient of performance 
for the refrigerating machine and which 




Hi!. 7. \n Electrical Analogy for the Refrigerating Cycle 
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Pit. B. The Klectrical Analogy in (Greater Detail 

depends upon the potential of the batfc 
terminals above their common connection 
Thus, 
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In Fig, 8 are shovt n more elaborate diagrams 

where the analogy 16 Carried Still further, 

resistance drops being included in the electri- 
cal diagram b Eid to the temperature 
different i du< e In.it trai 
in the refrigerator It is hoped that 

this analogy ma\ si , ie of tin 
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thermodynamic conceptions which are often 
difficult to keep clearly in mind. For instance, 
it is hard to get a physical conception of 
entropy until we see that its flow may be 
compared to the electric current, because the 
product of the flow of entropy by temperature 
and the product of current by voltage both 
represent power. 

ICE BOM S # 

generation ago, spring houses, cold 
cellars, etc., were used extensively for the 
preservation of food; and they are still used 
today, especially in country communities. In 
the majority of modern homes, however, the 
ice box i> taken for granted as the proper 
nut hod of preserving food, and there is 
no doubt that food can be very well pre- 
served in .1 well-insulated ice box. Unfortu- 
nately, however, the great majority of ice 
boxes are not well insulated. The following 
quotation from a paper (5) by Dr. John R. 
Williams, Secretary of the Milk Commission, 
Rochester, New York, is of interest: 

"The majority of domestic refrigerators are 
inefficient because they consume too much 
ice and do not maintain a temperature low 
enough to prevent food from spoiling. The 
chief explanation of their inefficiency is to be 
found in the lack of sufficient and proper 
insulation. 

"The waste from ice meltage because of 
improper i n s u 1 a t i o n o f refrigerators i n 
Rochester homes (population of city, 230, 000) 
amounts to 60,000 tons yearly, or about 

I MOO. 

"Money invested in insulation will be 
returned many times in the saving in ice bills. 
Added insulation means not only economy 
in ice consumption, but also lower tern- 
perature in the refrigerator and the less spoil- 
ing of food." 

Some of Dr. Williams' conclusions are 
<<»nnrmed by calculations plotted in Fig. 9, 
which show the improvement in temperatures 
and the saving in ice effected by adding 
insulation to an ordinary 100-lb. ice box. One 
inch of corkboard over the area of this box 
would total 42J/2 board-feet. This extra inch 
of cork insulation could have been furnished 
with the box at an additional selling price 
of about $20. Assuming 6 per cent interest 
on the investment and 10 per cent depreciation, 
it is found that the annual fixed charge on 
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of Refrigeration in the Home and the Efficiency 
of Household Refrigerators," read before the Third National 
Congress of Refrigeration, in 1913. 



this extra inch of insulation would be $3.20. 
But, to offset this, better refrigeration is 
obtained and 6.25 lbs. of ice per day are saved. 
Assuming that the box is used during six 
months of the year, the annual saving is 1140 
lbs., which at 60 cents per hundredweight 
corresponds to a saving of S6.85 worth of ice, 
or a net saving of 83.65. This is 18 per cent 
on the investment, as well as a guarantee of 
better refrigeration. Similar calculations show 
that with three additional inches of cork 
insulation, the net saving would be $2.55, 
which is 4 T 4 per cent on the $60 additional 
in\ estment. 
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Fiji. 9. Effect of Additional Insulation I'pon the Economy 
of the Ordinary Ice Bo\ 



In the design of any ice box, the question 
always arises as to what allowances should be 
made for the doors. The doors are the source 
of three types of loss: 

(a) Spilling of cold air when the door is 
opened 

(b) Leakage due to badly fitting doors 

(c) Conduction through the door frames 
which, of necessity, are badly insulated. 

The first of these is not so serious as is 
generally supposed. Consider a box having 
6 cu. ft. internal volume, operating at 40 deg. 
F. Assume that when the door of the box is 
opened all the cold air spills out and is 
replaced by air at 70 deg. F. and 66 per cent 
humidity. The question is how much refrigera- 
tion will be required to cool this new air from 
70 to 40 deg. F., and condense the water 
vapor. Six cubic feet of air at 70 deg. would 
weigh about 0.45 lbs. Since the specific heat of 
air at constant pressure is 0.24, it would be 
necessary to remove 3.24 B.t.u. in order to 
cool this air 30 deg. But this air originally 
contained approximately 0.00454 lb. of water 



GENERAL ELECTRIC COMPANY 



vapor, and when it is cooled to 40 deg. it is 
incapable of holding more than 0.00246 lb. 
of water vapor. The difference must be con- 
densed and the latent heat of vaporization at 
these temperatures is approximately 1060 
B.t.u. per pound. The condensation "would, 
therefore, require 2.2 B.t.u. The total refriger- 
ation required to cool the air and condense the 
water would, therefore, be about 5.44 B.t.u.. 
or 0.0378 11). of ice. If the box were opened 
twenty-five times in the course of the day and 
entirely filled with warm air each time, less 
than a pound of ice, or onlj aboul 2 or 3 per 
cent of the total daily ice meltage in the box, 
would be needed to cool this air. 
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Fi»i. It. PHndpk of the Baffle in the Ice Comptrtmeoi 

\n extreme case would be represented bj 
a refrigerator operating in a 90-deg. room 
with loo per cent humidity, under which con- 
dition the refrigerating effect required to cool 
the air and condense the moisture would be 
approximately lo.s B.t.u. If the 0.011 11,. of 
condensed moisture were also frozen in the 
process an additional 1.6 B.t.u. would be 
required, making ,. total of is 4 B.t.u 









0.128 lb. of ice for each opening. If the box 
were opened twenty-five times, this would be 
5.2 lb. of ice per day, which is less than 6 per 
cent of the probable meltage of ice in the box. 
Such calculations lead us to believe that the 
effect of opening the doors is not likely to be 
more than 10 per cent. 

Leakage due to badly fitting doors can, to a 
larse extent, be overcome by the use of cush- 

ion\askets. 

The conduction of heat through the door 
1 rames is much more serious. Calculations 
and tests seem to indicate that, even in a \er\ 
well-constructed four-door box, the heat 
conduction through the door frames, which 
oi necessity are badly insulated, is between 
25 and 35 per cent of the total leakage. If 
"all-metal" refrigerator boxes have metal 
flashing along the door edges, sills, and jams, 
forming a metallic connection between the 
sheet-steel lining and sheet-steel exterior, this 
lo>s by conduction is likely to be greater than 
the total leakage through the walls of the box. 
This loss can be practically overcome by mak- 
ing the metal door edges of very thin high- 
resistance material arranged so as to make a 
long path for the heat flow. 

Oneol the difficulties in attempting to make 
a vacuum refrigerator is the sealing of the 
door edges. 

Another important point is the number of 
doors on the refrigerator box. The opening 
ol one small door out of lour may spill less 
air than the opening of one big door, but the 
lour small doors have double the perimi 
of door frames that the one big door has, and 
It is very difficult to insulate properly thee i 
pieces between the doors. Of course, one door 
would be unwieldy on a large box; but when 
an extra price is asked for ., small ice box 
wnli several small doors, so small that platt* 
have to be tipped on edge to go through the 
openings, with the idea that this arrangement 

i> more efficient than a less expensive rein, 
ator with one door lar^e enough to form a 
convenient opening, it would appear that a 
mistake i^ being made. 

The ordinar) ice box usuall) h..- a baffli 
illustrated in Fig. 10. The baffle is m 
because the i< i llf ,, h(iN 

melted, does no1 reach to the top of the box 
and a layer ol warm air would be left ab 
the level oi the ice. But, as will b, seen I., 
a baffle >> not required and is, in i tri- 

ment in an artificially refrigerated box w\ i 
the cooling elemeir ,|| tne u , 

top of the box all the til 
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Natural Refrigeration Without Labor 

Whether ice is harvested from a natural 
lource or made in an artificial ice plant, the 
actual cost of ice is very small compared to 
the cost of retailing it. The price of ice in 
cities is approximately 60 cents per hundred- 
weight, and at least half this price is the 
delivery cost. In widely scattered communities 
the price is still higher, largely because of the 
higher delivery cost. 

Professor Elihu Thomson suggested a 

scheme whereby the cold of each winter 
could be stored for use in cooling a refrig- 
erator the next summer, without any transpor- 




11. A Theoretical Scheme for Automatic 
Refrigerator in the Home 



i at ion or labor. A radiator placed on the roof 
of the house would be connected to a coil of 
pipe in an underground cistern, as shown in 
Fig. 11. On cold days, the wintry weather 
would cool the brine in the radiator, causing 
it to circulate downward into the coil in the 
cistern, which would gradually collect a thicker 
and thicker coating of ice. On warm days, the 
brine in the radiator would be lighter than the 
brine in the cistern coil and there would be no 
lendencN to circulate. Thus, during the winter 
each cold day would add to the layer of ice 
being gradually stored in the cistern. In the 
summer, a motor-operated brine pump could 
be used to circulate the brine from the cistern 
to the refrigerator box, and the heat ab- 
stracted from the box would be absorbed by 
the gradual melting of the accumulation of ice 
in the cistern. 



Domestic Refrigerating Machines 

It is only during comparatively recent years 
that domestic refrigerating machines have 
begun to be seriously considered, and there 
are now about 104 companies either manu- 
facturing or about to manufacture domestic 
refrigerating machines. There are a great 
many different types under consideration, a 
rough classification of which is given in 
Table V. 

TABLE V 

Vapor Compression Machine-: 

i Conventional type using a stuffing 
box and electric motor 46 

(b) I sing a stuffing box and a water 
motor 1 

(c) Stuffing box eliminated by enclosing 
the motor in the machine 1 7 

(d) Stuffing box eliminated, but motor 
outside 7 

— 71 

Absorption machines 22 

Compressed air machines 4 

I '11 known 7 
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104 



Approximately 6 kw-hr. through the me- 
dium of one of these small electrically-driven 
compression machines has a refrigerating 
effect equivalent to the melting of approxi- 
mately 100 lbs. of ice. A comparison of the 
cost of producing household refrigeration by 
various methods is shown in Table VI. 

TABI.K VI 

Vverage Operating Cost of 
producing Refrigera- 
tion Equivalent to 
the Melting of 
100 Lbs. of Ice 

Ire, at 60c per hundredweight $0.60 

(1) Electrically operated, air-cooled 
compression machine, 6 kw-hr. 

at 3c per kw-hr 0. 18 

Water-operated compression ma- 
chine— 720 cu. ft. .it 4( per 100 
cu. ft 0.20 

(2) Electrically heated, water-cooled 
absorption machine — 12 kw-hr. 
at 3c per kw-hr., neglecting cost 

of water 0. 36 

Electrically heated, air-cooled 
absorption machine — 24 kw-hr. 

at 3c per kw-hr 72 

Gas-heated, water-cooled absorp- 
tion machine — 133 cu. ft. at $1.35 
per 1000 cu. ft., neglecting cost 

of water 0. 18 

Gas-heated, air-cooled absorption 
machine — 266 cu. ft. at $1.35 per 
1000 cu. ft 36 

In Table VI the figures are based on the 

actual cost of electricity, water, and gas in the 
city of Schenectady. The cost of water for the 
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absorption machines has been neglected 
because only 25 to 75 cu. ft., per 100 lbs. of ice, 
at 4 cents per 100 cu. ft., would be used. 

There are no air-cooled absorption machines 
on the market and the figures given are the 
roughest kind of engineering estimate, al- 
though experience would probably show them 
to be approximately correct. 

The figures as to the amount of water 
required by the water-motor operated ma- 
chine are an engineering estimate, but since 
it is not very difficult to calculate how much 
water is necessary, the estimate is believed to 
be within reason. 

The compressed-air machines are not in- 
cluded in Table VI. One of them might be 
compared in efficiency with the vapor com- 
pression machines. 

The inefficiency of the absorption machines 
is largely inherent and might be explained 
as follows: Whereas the electrically driven 
compression machine, in spite of the low 
electrical efficiency of small motors and the 
poor mechanical efficiency of small com- 
pressors, actually utilizes about 20 per cent 
of the electric energy in pumping the gas, 
the absorption machine utilizes only about 
10 per cent of the energy put into the electric- 
heating unit in pumping the gas. It must be 
remembered that the absorption machine, 
although chemical by nature, actually has to 
perform the mechanical work of pumping the 
refrigerant from a low pressure to a high 
pressure. The vapor is sucked into a cold 
medium (usually cold water), and then the 
medium is heated, causing the vapor to be 
expelled under pressure. The high-grade 
electric energy, however, is not used 
directly to cause this pumping action, but 
is first degraded into heat and then the heat 
is used to produce mechanical work. The 
efficiency of any device for changing heat 
into mechanical work is inherently very low. 
\ perfect heat engine has a very low theo- 
retical performance given by the Carnot 
formula: 



Carnot efficiency = 



Ti—T 2 

r, 



where 

7*i » the high temperature in degrees above 

absolute zero 

7' 2 = the low temperature in degrees above 
absolute zero 

The efficiency is therefore seen to depend 
on the temperature range, which with these 
absorption machines is from 212 deg. F. to a 



temperature that might be as low as 85 deg. F. 

if water cooling is employed. Therefore, 
7*1-460+212=672 deg. absolute 
T 2 =460+ 85 =545 deg. absolute 



Carnot efficiencv = 



6 72—54 5 
672 



18.9 per cenf 



It is thus seen that an absolutely perfect 
water-cooled absorption machine would have 
about the same efficiency as the present 
imperfect compression machines. But, just 
as it is difficult to make a small compression 
machine where the useful work is more than 
about 20 per cent of the input, so up to the 
present it has been impossible to make an 
absorption machine which approaches its 
theoretical efficiency. The actual efficiency 
of compression of the water-cooled absorption 
machines is about half the theoretical figure, 
or approximately 10 per cent. Of course the 
coefficient of performance is higher. 

There are no air-cooled absorption machines 
available, but the theoretical efficiency of such 
a machine can be estimated. It would prob- 
ably be uneconomical without the use of a 
fan to furnish enough cooling area to bring 
the internal temperature of the absorber to 
within 30 deg. above the surrounding air. 
Therefore, in an 80-deg. room, the air-cooled 
absorption machine would operate between 
212 and 11 deg. F. Thus: 

7\ =460+212 =672 

r 2 = 460 + 110 = 570 

r *. «; ■ 672—57 fe 

C arnot efficiency = — — — = 15 per cent 

Therefore, the air-cooled absorption machine 
would have only three-quarters the theoretical 
efficiency of the water-cooled machine. The 
ratio of actual to theoretical efficiency would 
be much smaller for the air-cooled machine 
than for the water-cooled, because the air- 
cooled machine could not be so well insulated 
during the heating period and the weight of 
material, such as cooling fins, etc., which 
would have to be heated and cooled in an inter- 
mittent machine, would be greater. Thu- where 
the actual efficiency of the heat engine in a 
water-cooled absorption machine is about 1<) 
per cent, the actual efficiency in the air-cooled 
absorption machine would be about 5 per cent. 

It would appear that, until some further 
improvement in the efficiency of absorption 
machines is made, the cost of operating them 
electrically will be materially greater than that 
of compression machines. But figures seem to 
indicate that 11 cu. ft. of gas burned in an 
absorption refrigerating machine will produce 
about the same refrigerating effect as 1 kw-hr. 
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used to heat the same machine electrically. 
Eleven cubi< feel of gas cost about hall as 

much as 1 k\\ -lir. ; I hen-tore, the watcr-t ooled 



iri£ machines and boxes. It was decided some 
time ago to design the ma< bines and boxes for 
a 90-deg. room temperature, in order no1 t«» 




I iii 13 IVmprr.it urr ( h.iri -.1 , II, .1 f * i v in Southern { .illlurnl.i 



absorption machine, when 

heatei I l>\ gas, is < ompetith e 
with the compression ma- 
i hines. But water cooling is 
.mi added ( omplical ion, and 
>ing figures seem to 
indicate that , w ithout further 
improvements, an air-cooled 
absorption machine, even 
when gas heated, would be 
• nsh e to opera I 

i • m I-, i iturc Require- 

It is generally admitted 
thai the temperature ot the 




/ ,*, r i t ' "ay *"* *wi 5 



.— n^. 




VutltrTr 4 I nit 



lent in a should 

untamed in order 

I multiple i The 

nmediatel; 
should be * 



penalize 1 1 users 

in the l i i hen 

temperatui 

short periods ex< n d 90 
F. It takes time f< 
leak through the walli 
■ ll-insulat< rat< >i 

Therefore, when tin 
temperature rii 

« »n the n 

Jj Im -i||)|h.m«I 

Ha\ i d the mat hines t«-r a 9< 

temperature, the further question 

a> to how the n. ould perform in ^till 

mperature 

ind in the In; 
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at Trona, California. Fig. 12 shows the tem- 
perature at Trona on the hottest day of July. 
1925. It ranges from 86 deg. at night to 115 
deg. for .t few hours in the afternoon, and the 
average is 105 deg. Because of the time re- 




Fig. IS. Am Air-cooled Audiffri-n Model 

quired, however, lor heal to leak into a l>o\, 
the cycle for one < la> Is not long enough to 
test the box. The temperature cycle for the 
worsl three days at Trona, California, is --how n 



ture on the top shelf of the food compartment 
ranged from 46.5 deg. F. at night to 57.5 deg. 
in the afternoon. 

Refrigeration Experience of the General Electric 
Company 

Over a quarter of a century ago a French 
monk, the Abbe" Audiffren, designed a her- 
metically sealed refrigerating machine. It is 
said that some of these machines are running 
in France after twenty-five years of service, 
never having been refilled with oil or gas. 
Fig. 14 shows a diagram of the interior of the 
Audiffren machine. Fig. 15 shows the exterior 
of a recenl air-cooled model. It is a com- 
pletely sealed dumb-bell, in which the com- 
pressor hangs mi a pendulum. When the 
dumb-bell is rotated, one end gets cold, ab- 
stracting heat from the surrounding medium, 
and the other end becomes hot, gi\ ing up heat 
to the medium which surrounds it. There is 
stuffing box. The power is transmitted from 
the outside to the inside by gravitation. The 
General Electric Company undertook the 
manufacture of this machine for the Audiffren 




■ I arh General I Uttrii Refrigerating I'nit With N*-;ili*d-in Motor 



in Fig. 13. The range i- now from 82 deg 
115 deg. and the average i- onl> 102 deg. An 
artificially heated room was run through thi- 
cycle of temperature and it was found thai in 
the General Electric refrigerator the tempera- 



Mp.tnx about fifteen yeai I i he 

first machine^ art Mil] operatil 

More than half a dozen 
ol a domestic refrigi msn linn 

undertaken by tin- < ompan) Various models 
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oi different designs were built. Seven stuffing 
box machines were constructed and placed 
in actual service for test purposes. The first 
ol these operated successfully for one year 
.[\u\ three months; another for eleven months, 
and tlir remainder failed in from two weeks to 
six months. The principal source of trouble 
was tin- st Lifting box. 

\liii various attempts, a water-cooled 
machine, shown in big. 16, was designed. It 
was .1 completely sealed machine with a motoi 
inside. One of these machines ran for over 
h\e years without being refilled with ^h or 
reoiled. Although this old machine differs in 
i ol its details from the present machine, 




Type OC-2 with Old Style Brine lank 



its long record of service demonstrates the 
possibility ol constructing a machine with 
the motor inside which will operate success- 
full) tor over five years without even 
reoiling. 

About twenty models of these original 
water-cooled machines wen- manufactured 
.mil put in service; only a few of them are 
still running, since they were constant!) rebuilt 
as fast as improvements were suggested. Latei 
the design was changed and air cooling 
adopted. 

During the summer of 1 ( )2o. above two 
thousand Type OC-2 air-cooled machines 
17) were sold as a large-scale experi- 
ment . This design has recently been superseded 
by a new one which is being manufactured in 



two sizes — the smaller Type DR-2 machine 
(Fig. 18), for use with 5- and 7-cu. ft. food- 
storage boxes; and the larger Type DR-3 
machine (Fig. 19), for use with 9-, 12-, and 
16-cu. ft. food-storage boxes. 




Fiji. 18- DR-2 Refrigerating Unit 

A diagrammatic sketch of the interior of 
the DR-2 machine is shown in Fig. 21 

The complete machine, mounted on a 
5-cu. ft. refrigerator box, is shown in I 




Pig. 19. UK-* Refrigerating I nit 

The installation oi the machine in the box 
is simple and is usiialK accomplished with the 
lifter. Fig. 22. 
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Fig 23 shows the DR-3 machine mounted 
in a 16-cu. ft. box. 

The advantages of these machines are as 
follows: 

1. The oscillating cylinder compressor has 
been tried and proved reliable by a quarter of 
a century of service in the Audiffren machine. 

2. By putting the motor inside, the stuff- 
ing box has been eliminated. A simple squirrel- 
cage motor, recognized as the most reliable 
type of motor, is used. It is enclosed so th.it 
no dirt can get into the windings and an 
inexhaustible supply of clean oil for the bear- 
ings i> insured. 



dropping it into the top of the box, as illus- 
trated in Fig. 22. 

4. Since the machine is on top, the hot air 
from it rises away from the box, allowing the 
box to operate in a cooler atmosphere than if 
it were bathed in hot air rising from the 
machine. 

5. The sheet-steel cases have eliminated 
leaks due to porous castings. 

6. The special metal-glass leads prevent 

leaks where the wires enter the case. 

7. The joint around the bottom of the 
rase is made with a tongue-and-groove lead 
seal. 



Condensing Coils-** 



Un loader Valve- 
Cylinder 

Check Valve — 



Piston- 




Licjuid Supply 
Tube 



Evaporator or Chilling Unit 



Fift. 20. Diagrammatic Sketch of the Interior of DR-2 Machine 



of the most successful domestic refrig- 
erating machines in Europe has a somewhat 
Mmilar totalK enclosed unit. The motor in 
the Type DR-3 machine is especially interest- 
ing because the phase is split for both starting 
and running, by means of a capacitor instead 
of a resistance. 

3. Locating the machine on top of the box 
has made it possible to eliminate all service 
valves and pipe joints. The machine, being 
a complete unit, ran be installed by mere!) 



8. The machine uses a float valve on the 
high-pressure side of the system. With this 
arrangement, it is necessary tor the system to 
have exactly the right amount of gas in it. If 
there is too much, the compressor sucks 
liquid; if there is too little, the evaporator is 
inefficient. The hermetically sealed machine 
does not leak gas and. therefore, can maintain 
the correct quantity indefinitely. The float 
valve on the high-pressure side of tin 
has been retained because of successful 
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perience w i t h it in the AudirTren machine, 
and, because it does not waste valuable 
e u it bin tin* food ( omparl ment ol the 
box. 

M achine has a force feed oiling 

tem w hich Insures a suffi< ienl fkw ol oil 
,ni(l the nil never becomes over-heated. Sinct 
the oil is hermetic all) sealed w ithin I h< 
casing, ii can never become dirt) 01 evapo 
rate I .ong expei it n< e w ith the Audiffren 
justifies the hope thai the oil \\ ill last indefi 
nitel \ 
Since the machine never has to be oiled, no 

oil w ill be spilled on ii I ur1 hei n . oil} 

\ apoi j i rom frj ing fo< id in a kitt hen w ill 
n. ii urall) 1 1 indenst 1 >n 1 he 1 o< >lei < 'I >jt 1 I 
1 he l 1 he w ai in i efrigei at ing mat hint 




tiuu also prevent- troubles due to tarn 
pering. 

1 1 . The in.K hme is e» 1 pi i< mall) quiet 
and vibrationless. The mechanism is mounted 
on spring ibi itit >n original 

ing in the m« nanism has to be transmitted 
1 hr< iugh the I - ts \\ hit h - the 

in. 1 hanism from tl 1 

12 Another innovation is th< 
enamel freezing chambei rhis feature makes 
the chamber ver) sanitary and 1 

13. Tht 1 hambei I is .ill the 

.el\ antaj lirect and 




Kill. -'I l>R-2 I nil »Hletu M I ibiM 



Installation of Kefrigera 



is not like!) to become greasy. Dust will 

collect on the horizontal surfaces, but thesi 

be easily cleaned. Actual experience in 

kitchens has shown that du>t does not collect 

OH the vertical surfaces. The draft o! air 

rising through the warm fins automatically 

a them free from dust , 

in The machine is characterized by a 

hig by reason of the total 

enclosure ol .ill movii \ fhis construc- 



h\ dire* 1 < xpansion, • 
indirectly throug 
freezing solutit m Halt 
glycerine and 

latent heat of fusion pr< »\ :■ 

Btor hundred pound- ol brii • 

merely ston - heat in proportioi 

at ure difl 

the area tor heal trail- 

than reduced, b 
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frosting. Therefore, the unit does not have to 

be defrosted as often as the coils usually used 
with direct expansion systems. 

14. Tests have shown that these machines 
under extreme condition- —for example, oper- 
ation in a 100-deg. room— will maintain tem- 
peratures under 50 deg. F. on the top shell 
of the food compartment. This results from 
the fact that the boxes and machine- were 
designed for each other. 

15. Every machine before shipment is 
subjected to a refrigeration test in a 100-deg. 
F. room 



10. The machines are manufactured a> 
complete units and are thoroughly inspected 
and tested for leaks. This makes it possible 
for an unskilled workman to install the units 
without the troubles which occur when un- 
skilled workmen pipe a machine from cellar 
to existing box. Obviously, it would be 
impossible to give as thorough inspection and 
test on the user's premise s 

17. Because of the self-contained feature 
ot the machine and its exceptionally quiet 
operation, it is highly adaptable to modern 
apartment house condition-;. 




Pig. 13. DR-.* Machine with 16 (u. Ft. Cahim-t 



-I'll.' 



